This study evaluates the water quality from Tri An Reservoir, a drinking water supply for several million people in southern Vietnam, in terms of cyanobacterial biomass and their potent toxins, microcystins (MCs). Cyanobacteria, their toxins and environmental parameters were monitored monthly for 1 year (April 2008-March 2009) at six stations covering a transect through the reservoir. Dynamics of cyanobacterial abundance in relation to cyanobacterial biomass, toxins and environmental factors were investigated. Environmental variables from Tri An Reservoir favored algal and cyanobacterial development. However, cyanobacterial biomass and proportion varied widely, influenced by physical conditions, available nutrients and nutrient competition among the phytoplankton groups. Cyanobacterial biomass correlated slightly positively to temperature, pH and biochemical oxygen demand (BOD 5 ), but negatively to total inorganic nitrogen concentrations.
INTRODUCTION
As primary producers, algae and cyanobacteria play a key role in aquatic ecosystems. Their occurrence is defined by aquatic environmental factors, but their mass proliferation also reacts to shifts in these factors. Light intensity and temperature in freshwater lakes and reservoirs regulate the photosynthesis of phytoplankton (Wetzel ) so that these two factors could shape the distribution as well as abundance of phytoplankton temporally and spatially (Zhang & Prepas of heterocystous cyanobacteria (Havens et al. ) , which are able to fix atmospheric dinitrogen (Bothe ) to enhance their competition over other phytoplankton in case of inorganic nitrogen depletion in the water.
Freshwater quality is decreasing due to intensification of adjacent agriculture and pollution by anthropogenic activities throughout the world. In many reservoirs and lakes these phenomena induced eutrophication leading to mass proliferation of cyanobacteria (Carmichael ) , of which 25-75% was estimated to be toxic (Sivonen & Jones ; Zurawell et al. ) . In freshwater bodies, toxic cyanobacteria are of concern owing to their detrimental effects on aquatic organisms and notorious incidents of human illness in relation to the toxins (Zurawell et al. ) . Cyanobacterial toxins (e.g. microcystins (MCs)) have been recorded throughout the world and cause both acute and chronic toxicities to animals and human (Metcalf & Codd ) . Chronic toxicity is of concern to the public due to the association with cancer (Hernandez et 
MATERIALS AND METHODS

Study area and sample collection
Tri An Reservoir is about 70 km northeast from Ho Chi Minh City. It has a surface area of 323 km 2 , is around 50 km long, 2-15 km wide, with mean and maximum depths of 8.4 m and 27 m, respectively ( Figure 1 ). It has a total volume of 2.7 billion m 3 and an elevation approximately 62 m above sea level at its highest capacity. The annual rainfall and average temperature in the study area are 2,400 mm and 25. 
MC determination
One liter of water was filtered on GF/C filters (Whatman). The filters were dried at 50 W C overnight and kept at -70 W C prior to were in the range 6-8.2 mg L À1 with little change among the sites during the monitoring. The BOD 5 in the water commonly ranged from 0.5 to 3 mg oxygen L À1 but increased to 7 mg oxygen L À1 at site TA4 in May 2008.
In the reservoir, maximum concentrations of ammonium, nitrite and nitrate were 0.12 mg L À1 , 0.108 mg L À1 and 0.78 mg L À1 , respectively ( (Table 1) .
Phytoplankton composition and biomass
During the monitoring period in Tri An Reservoir, 197 species of phytoplankton were recorded belonging to seven classes, .5-7.4 6.0-7.5 6.2-7.5 6.4-7.4 6.4-7.4 6.4-7.6 6.8 6.9 6.9 6.9 6.9 6.9
Conductivity ( DO (mg/L) 6.5-7.4 6-8.2 6.4-7.9 6.3-7.7 6.3-7.6 6.4-7.5 6.9 7.2 7 7.1 7 6.9
BOD 5 (mg oxygen/L) 0.5-3 0.5-3 0.5-3 0.5-7 1 -2 TA5, and lower at sites TA4 and TA6 (Figure 3 Cyanobacterial biomass during the monitoring period ranged from 0.009 to 0.834 mg L À1 . The biomass was higher at the sites TA1-TA4 and minimal at site TA6. After a peak development in April-May at four out of six stations, phytoplankton biomass was reduced ( Figure 3) . Generally, biomass of cyanobacteria was mostly attained from Chroococcales and Nostocales (Figure 4(a)-4(d) ).
In Tri An Reservoir, the annual mean concentrations of TP and chlorophyll were 0.09017 mg L À1 and 2.356 μg L À1 , respectively. The relationship between TP and chlorophyll in the case of Tri An Reservoir was then equated as log
MC concentrations
The cell-bound MC concentration from the reservoir reached up to 0.072 μg L À1 . MC was detected at low concentration at some sites in the reservoir (Figure 4(a) -4(f)).
However, in most of the samples the concentration was below the detection limit of HPLC-UV.
Correlation between cyanobacterial biomass, toxins and environmental factors
The PCA indicated that cyanobacteria biomass seemed to be positively correlated with temperature, pH and MC 
During the rainy season (May-November in southern
Vietnam), the two incoming rivers bring organic and inorganic matter into the reservoir. Consequently, the water turbidity strongly increased at sites TA5 and TA6, close to their entry. The other sites (TA1-TA4) were less influenced, and turbidity at these four sites was lower (Table 1) Table 1 . Figure 2) , with the changing TN:TP ratio and temporal and spatial alteration of environmental conditions.
Total phytoplankton biomass in the reservoir was quite variable, from 0.013 to 7.717 mg L À1 (mean value of 0.623 mg L À1 ), decreased in the rainy season and increased in the dry season. In the total biomass, biomass of green algae and diatoms was dominant, followed by that of cyanobacteria. This could be explained as: (1) Cyanobacterial biomass in Tri An Reservoir was positively correlated with water temperature (Table 2) cyanobacterial biomass was higher than green algal biomass from April until September (Figure 3) . At TA5, cyanobacteria benefited from the introduction of nutrients from the rivers, whereas at TA6, the river characteristics dominated. Further into the reservoir, with increasing lacustrine characteristics, biomass increases and the phytoplankton community becomes lake typical. Total inorganic nitrogen concentrations were weakly negatively correlated with cyanobacterial biomass (r ¼ -0.358), which was in agreement with the results of Kotak et al. () . This weak and negative correlation could be explained by heterocystous (nitrogen-fixing, e.g.
Anabaena spp.) and gas-vacuole containing cyanobacterial species (able to shift vertically, e.g. Microcystis spp.) mainly contributing to cyanobacterial biomass in Tri An Reservoir (Figure 4 ). Heterocystous cyanobacteria are stronger competitors than algae in depleted nitrogen concentrations in the reservoir as manifested elsewhere (Huisman & Hulot ) .
Cyanobacterial biomass ranged from 0.0009 to 0.834 mg L À1 (Figure 4) Furthermore, algal and cyanobacterial assemblages and abundance are strongly connected to phytoplankton grazers, which were excluded in our study, and need further investigation.
MC concentrations and their correlation with environmental parameters and cyanobacterial biomass
In Tri An Reservoir, both toxic and non-toxic strains of 
